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The precise mechanisms by which atrial fibrillation (AF) initiates are poorly
understood, though conduction block and wavebreak may contribute. Electrical
mapping studies may improve our understanding of the mechanisms of AF;
computational models of the atria may assist through improving data visualiza-
tion, and simulation studies. We seek to test the hypothesis that localized con-
duction slowing precedes conduction block and fibrillation, and occurs in
preserved anatomic locations amongst AF patients.
A smooth, C1-continuous tricubic Hermite model of each atrium in a patient
with AF who gave informed consent was constructed from computed tomogra-
phy (CT) images. Electrical data were recorded with 64-unipole basket elec-
trodes in each atrium. Local activation times were determined manually at
each unipole, and fit as activation time fields to the endocardial surfaces. Acti-
vation patterns at lower rates (~2 Hz) were unremarkable, but isochronal
crowding on the medial aspect of the posterior left atrial wall occurred just be-
fore AF initiated at 220-millsecond paced cycle length (Figure, isochrone spac-
ing of 5 millseconds). This case study suggests that regional conduction
slowing may precede AF initiation, and further study may have implications
for optimal ablation strategies.
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Patient-specific models of cardiac electrophysiology have the potential to
guide ablation procedures for atrial arrhythmias and optimize cardiac re-
synchronization therapy. However, construction of patient-specific geometries
from non-invasive imaging data remains a challenge. Furthermore, most
meshing tools create unstructured meshes, whereas structured meshes have
many desirable properties in numerical analysis. Consequently, we sought
to construct patient-specific cubic Hermite meshes with the topology (struc-
ture) needed to capture the morphological complexity of all four chambers
of the heart.
A morphologically complex quadrilateral or hexahedral mesh requires verti-
ces with an abnormal neighbor number (‘‘extraordinary vertices’’). In order
to construct C1-continuous cubic Hermite meshes with extraordinary vertices,
we defined special frames and transition maps at each mesh vertex that gen-
eralize the concept of the ‘‘local-to-global mapping’’ used previously with cu-
bic Hermite geometries. A tricubic mesh is instantiated from a linear mesh by
use of an interpolating subdivision surface operator, and the tricubic mesh is
used as an initial condition for a subsequent registration to the edges of the
original imaging data. A Galerkin formulation of the monodomain equation
is used to solve for electrical propagation as a cubic potential field. The spe-
cial local-to-global mapping ensures that the potential solution C1-continuous,
which implies continuous currents in the case of the electrophysiology
problem.
Our result is a general framework for solving a 3-D anisotropic reaction-
diffusion problem (in this case, the cardiac electrophysiology problem) on
structured, but topologically complex Hermite meshes. An atlas of high-
quality meshes then can be diffeomorphically registered to a new patient, ow-
ing to well-defined material point correspondences in quadrilateral and hexahe-
dral meshes. Work on the diffeomorphic registration problem in our group is
underway.
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University, Washington, DC, USA.An increasing number of protocols are used to create engineered heart tissue
(EHT) constructs, using different progenitors of cardiac cells with various scaf-
folds and bioreactors. Different laboratories develop their own EHT protocols,
which are in most cases highly specialized and involve methods that do not
transfer easily from one lab to another. Likewise, the imaging protocols used
to evaluate the functional, structural and molecular properties of EHTs are
also highly specialized and can involve equipment and methods that do not
transfer well between the labs. As a result, it is often necessary to move
EHTs between the location where they are engineered to locations where
they are used for physiological testing or advanced imaging. In this work, we
establish the feasibility of long-distance overnight shipping of EHTs grown
in at Columbia University with electrical stimulation to George Washington
University for high resolution optical mapping. The EHTs survived overnight
shipping in sealed culture media flasks, as evidenced by robust synchronized
contractions upon arrival at the destination institution. Calcium transients
were readily recordable upon loading of the constructs with Fluo-4. Waves
of electrical activity propagating throughout the constructs were imaged using
high quantum efficiency back illuminated CCD camera. Due to perfusion lim-
itations, cardiomyocyte-containing layers of EHT are usually restricted to
100-300 microns and the cell density is significantly lower than in intact myo-
cardium. Therefore it was critical to show that the intensity and fidelity of the
signals from EHTs stained with the potentiometric dye RH237 are sufficient to
record wave propagation throughout the entire 7 mm-wide EHT with 50 micron
spatial resolution. The data confirm the feasibility of collaborative arrange-
ments between tissue engineering centers and other laboratories for high
resolution fluorescence imaging.
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More than 50% of newborns death is due to the sudden infant death syn-
drome (SIDS). Exposure to cigarette smoke represents the highest risk factor
for SIDS. Cardiac bradycardias are observed in most cases. The cardiac con-
duction system is molded by a resorptive degeneration process (apoptosis).
Nicotine is known to possess anti-apoptotic effects. Therefore, we hypothe-
sized that nicotine disrupts the maturation of the sinoatrial (SAN) and auric-
uloventricular (AVN) nodes, which in return can cause arrhythmias leading
to SIDS.
Osmotic pumps delivering nicotine were implanted in rabbits at their second
week of pregnancy. We characterized the level of apoptosis in SAN of newborn
rabbits exposed or not to nicotine. Moreover, we did patch clamp techniques to
evaluate the effects of nicotine on adrenergic responses. Finally, using quanti-
tative PCR, we quantified the expression of sodium channels in the atria of the
rabbits’ hearts at 0, 7, 14 and 30 days postnatal.
Nicotine decreased apoptosis at 7 days postnatal, thus preventing the early de-
velopment of SAN. At 14 and 30 days when serum nicotine levels reached 0 ng/
ml, apoptosis reached levels similar to unexposed rabbit at 7 days. Nicotine in-
verted the expression pattern of SCN1A and SCN5A in the SAN of rabbits at
0 day postnatal and increased the expression of SCN5A by 70 times in the right
atrium at 30 days postnatal. Expression of SCN1A and SCN4A increased by 4
fold in the 0 day old treated rabbit in the atria. Finally, nicotine suppresses the
effect of isoproterenol on sodium channels.
In conclusion, our study demonstrates that nicotine disturbed the resorptive de-
generation process, delays the development of the SAN and regionally per-
turbed the expression of SCN1A, SCN4A and SCN5A. These changes might
explain the conduction disturbances observed in SIDS.Voltage-gated K Channels: Permeation
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Potassium channels are tetrameric integral membrane proteins that passively al-
low rapid potassium conduction through the cell membrane while being
strongly selective over other monovalent cations. A narrow region known as
Wednesday, February 29, 2012 677athe selectivity filter, conserved in both structure and sequence, presents a series
of backbone carbonyls towards the permeating ion. Here, we have performed
a full three-ion permeation free energy landscape calculation for the selectivity
filter region using all-atom umbrella sampling molecular dynamics simulations
of the KcsA channel in a membrane with explicit lipids and solvent. The cases
of pure potassium conduction and of a single sodium chaperoned by potassium
ions were examined. The Potential of Mean Force (PMF) dependent on the Z-
coordinates of three ions was calculated on the basis of a new unpublished high-
resolution crystal structure of KcsA in a conformation which includes both an
open gate and a conductive filter. The effect of flipping of Valine 76 was exam-
ined as well as the permeation and selectivity in a model with Glycine 77 re-
placed by a D-Alanine.
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KcsA from S.lividans is well established as an archetype model for the
whole family of potassium channels. However, MthK from M. thermoauto-
trophicum, another model potassium channel, behaves quite differently in
many respects. Comparison of functional and structural data of both chan-
nels reveals important similitudes, but also key differences. An important
but not well understood feature of potassium channels is their C-type inac-
tivation mechanism. The structure of the inactivated state of KcsA was first
solved by crystallization under conditions of low potassium concentration.
It revealed conformational changes in the selectivity filter region preventing
the permeation of both K(þ) and Na(þ) ions. Surprisingly, x-ray crystal-
lography experiments under similar low potassium conditions revealed
that the structure of MthK remains in its canonical conducting state even
when it is deprived of K(þ) ions. Functional studies nevertheless show
that MthK undergoes C-type inactivation like KcsA and most eukaryotic
K(þ) channels. To understand the mechanisms underlying this apparent dis-
crepancy, we investigated on the permeation and gating mechanisms in the
MthK channel using molecular dynamic simulations and free energy
calculations.
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Voltage gated K-channels (Kv) family members are endowed of a highly Kþ
selective pore and diverse single channel conductances, ranging from 3 to
300 pS in ~100 mMKþ. The selectivity filter is very conserved among K-chan-
nels, thus, the origin of such diversity must reside in other aspects of the pore. A
Shaker Kv channel having a point mutantion at the internal entrance
(Pro475Asp) conducts single channel currents 6-8 fold larger than the wild
type channel (WT). This variant also showed ~100-fold increased sensitivity
for intracellular Mg2þ. Near zero-voltage Mg2þ binding was antagonized by
Kþ in a conventional competitive fashion. However, the voltage dependence
of Mg2þ blockade increased substantially with Kþ concentration, with a effec-
tive valence being near zero in symmetrical 50 mM Kþ to ~0.4 at 500 mM Kþ,
not consistent with a competitive scheme at voltages away from zero. This Kþ
enhanced voltage dependence is consistent with a pore being narrow enough to
sustain single file diffusion in which Kþ could occlude the Mg2þ exit towards
the cytosolic face of the mutant channel. Molecular dynamics simulations of
Shaker WT and P475D reveal dramatically increased density of Kþ ions near
475D side chains, while Kþ occupancy at the selectivity filter remains un-
changed. In agreement with the observed K-enhanced voltage dependency,
ion density profile of both Kþ and Mg2þ in the pore, showed Kþ occupation
of a more distal binding site than that of Mg2þ. The enhanced apparent affinity
for Mg2þ could stem from this lock-in Kþ binding site located at the internal
entrance of the pore. Larger single channel conductance in this mutant could
be supported by an increased occupancy of a pore long enough to hold several
cations in single file.
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The KCNH2 or human ether-a-go-go related gene (HERG1) encodes the
Kv11.1 protein that is responsible for the rapidly activating delayed rectifier
Kþ current (IKr). Mutations of HERG cause prolongation of cardiac ven-
tricular repolarzation that underlies the long QT syndrome (LQT2) and
associated risk of sudden death. Genetic analyses have identified over 200
LQT2-associated mutations the majority of which impair the exit of
HERG from the endoplasmic reticulum (ER). While it is possible to rescue
the trafficking, the fate of mutant HERG in post-ER compartments and spe-
cifically at the plasma membrane remains elusive. To address this we eval-
uated the peripheral stability of mutant HERG partially rescued by low
temperature (26C). Temperature-rescued mutant HERG (F805C and
G601S), detected by immunoblotting, was eliminated more rapidly than
wt HERG upon inhibiting translation with cyclohexamide. The increased
plasma membrane density of both F805C and G601S following temperature
rescue was demonstrated by cell surface ELISA assay. However, the mutant
channels were found to be less stable that the wt HERG due to accelerated
internalization and preferential lysosomal sorting. Endosomal sorting of
FITC-tagged HERG demonstrates that wt HERG was confined to a pH com-
partment characteristic of recycling endosomes whereas mutant HERG were
delivered to vesicles with luminal pH typical of late endosomes and lyso-
somes. Using ts20 and E36 CHO cells we showed that temperature-
induced inactivation of the E1 enzyme delayed the delivery of F805C and
G601S HERG into lysosomes. Downregulation of Hrs, Stam1 and
TSG101 ubiquitin-binding adaptors of the ESCRT0-I by siRNA also in-
duced early endosomal retention in a compartment with a luminal pH of
sorting/recycling endosomes. These results indicate the involvement of an
ubiquitin-dependent peripheral HERG quality control system that accelerates
the internalization of mutant HERG and targets them for lysosomal
degradation.3437-Pos Board B298
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Kv11.1 (hERG, KCNH2) is a voltage-gated potassium ion channel subunit
involved in repolarization of cardiac action potential by mediating IKr cur-
rent. Loss-of-function mutation or blockade of the channel pore by drug
can induce a potentially fatal disorder called long QT syndrome (LQT).
Atrial fibrillation (AF), the most commonly treated arrhythmia, has been
linked to ion channel dysfunction. A significant proportion of AF patients
have a positive family history and may therefore be affected by inherited
mutations. We have studied gene variations in the C-terminal domain
(CTD) of hERG isolated from patients with AF. One such variant,
R1047L, is known to be associated with both AF and LQT, but its effects
on the structure, stability, and function of hERG remain to be studied. Pre-
vious studies have shown that this site is within a coiled-coil domain that is
thought to promote subunit assembly and form protein-protein interfaces.
Electrophysiological studies showed difference in the tail current profile
for wild-type (WT), R1047L, and the R1047L-WT heteromer. For structural
studies, we made constructs of wt and R1047L mutant distal CTDs and pu-
rified with isotope labeling for high resolution NMR spectroscopy. 1H-15N
HSQC spectrum of the WT distal CTD showed that the purified domain is
consistent with predictions based on sequence analysis. Circular dichroism
(CD) spectroscopy showed this domain is largely helical. Size-exclusion
chromatography (SEC) and multi-angle light scattering (MALS) confirmed
its molecular weight corresponds to a tetramer, as is expected for coiled-
coil domains in voltage-gated ion channels. A comparison is presented of
the stability and structural properties of the WT and R1047L mutant forms
of this domain.
